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Accepted 11 September 2016Vibratory and joint position sensations are usually impaired simultaneously and afferents for both sensations as-
cend the dorsal columns. There are a few evidences that the central pathways in the spinal cord for position and
vibratory sensations are not identical. In this study, we examined the clinical features of patients with sensory
impairments of vibratory and joint position sensations. According to 43 evaluated patients' results, the dissocia-
tion between an intact vibratory sensation and impaired joint position sensation may be important for the diag-
nosis of spinal disorders.We also report three cases of patientswith spinal ataxia caused by sensory impairments
and who show the dissociation between an impaired joint position sensation and an intact vibratory sensation.
The combination of intact vibration sensation and impaired joint position sensationmay suggest a dorsal column
lesion in the spinal cord.




Joint position sensation1. Introduction
Vibratory and joint position sensations are usually impaired simulta-
neously and afferents for both sensations ascend the dorsal columns [1].
However, some patients showed dissociation between vibratory and
joint position sensation. There are a few evidences that the central path-
ways in the spinal cord for position and vibratory sensations are not
identical [2,3]. In this study, we examined the clinical features of pa-
tients with sensory impairments of vibratory and joint position sensa-
tions. Herein, we also report three cases of patients with spinal ataxia
caused by sensory impairments, who showed the dissociation between
an impaired joint position sensation and an intact vibratory sensation.
The dissociation between an intact vibratory sensation and impaired
joint position sensation may be important for the diagnosis of spinal
disorders.
2. Case reports
We performed a retrospective analysis using medical charts to de-
termine the localization, cause, clinical features among consecutive pa-
tients with impaired vibratory and/or joint position sensations, who
were admitted to our hospital between April 2012 and April 2016. The
localization of anatomical lesions was assessed by nerve conductionrain Research Institute, Niigata
585, Japan.
a).
. This is an open access article understudies, somatosensory-evoked potentials and/or magnetic resonance
images (MRIs) as peripheral nerve, nerve root/dorsal root ganglion, spi-
nal cord, brainstem, or cerebral lesion. The symptom of nerve root/dor-
sal root ganglionwas deﬁned by lesions restricted predominantly to the
spinal roots or the very proximal portion of the spinal nerves. The iden-
tiﬁcation of nerve root/dorsal root ganglion lesion was due to presence
of F-wave abnormalities, poor occurrence and prolonged latencies of
somatosensory-evoked potentials [4]. Patients with diabetes mellitus
(HbA1c N 6.5%) or treated with antidiabetic agents were excluded
from this study. Vibratory sensation was evaluated using a tuning fork
which measures the amplitude threshold of 128 Hz vibration. The deﬁ-
nition of impaired vibratory sensation was present if the examiner
senses the vibration on patients for b8 s. Joint position sensation was
evaluated on the basis of the ability to identify ﬂexion and extension
of ﬁngers or toes at different angular velocities, identiﬁcation of ﬁngers
and toes held by an examiner, and changes in titubation of the trunk
after eyelid closure. The deﬁnition of impaired joint position sensation
was present if the examiner senses the correct sense under 1 out of 3.
The deﬁnition of sensory ataxia was two or more of 1. Romberg's sign,
2. pseudoathetosis with impaired joint position and/or vibration sensa-
tion, and 3. absence of nystagmus and/or cerebellar dysarthria [4].
We examined 43 patients with impaired vibratory and/or joint posi-
tion sensation (Table 1). The cause of symptoms and localization of an-
atomical lesions in patients with vibratory impairments were various.
Most of patients (N= 35) developed sensory ataxia (with impaired vi-
bratory sensation, N = 15; impaired joint position sensation, N = 3;
both sensation impairments, N = 17) due to lesions in the nerve root/the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Number and causes of patients with vibratory and/or joint position sensation impairments, and presence of sensory ataxia.









Peripheral nerve 3/1 Sjögren's syndrome, POEMS syndrome, angiitis 2/0 0 1/1
Nerve root/dorsal root
ganglion
22/22 Sjögren's syndrome, CIDP, POEMS syndrome, etc 11/11 0 11/11
Spinal cord 15/12 NMOsd, malignant lymphoma, cervical spondylotic myelopathy,
syringomyelia, etc
6/4 3/3 6/5
Brainstem 3/0 medullary infarction (N = 2), pontine infarction (N = 1) 2/0 0 1/0
Cerebral lesion 0 0 0 0
Total 43/35 21/15 3/3 19/17
CIDP – chronic inﬂammatory demyelinating polyneuropathy; NMOsd – neuromyelitis optica spectrum disorder; POEMS – Polyneuropathy, organomegaly, endocrinopathy, monoclonal
gammopathy, and skin changes.
Italic numbers present numbers of patients with sensory ataxia.
Fig. 1. Magnetic resonance images of cervical spinal cords. (A) Sagittal T2-weighted
images (left) showing a mass lesion (arrow) at retro-odontoid region and upper cervical
cord atrophy. The mass lesion showed no enhanced area (not shown). Sagittal T2-
weighted images revealed a widening of atlantodental interval (8.09 mm). Arrow
indicated pseudotumor. (B) Sagittal T2-weighted images (left) showing spinal cord
compression at C3/4, C4/5, and C5/6 levels. On the axial T2-weighted image at the C4/5
level (right), spinal cord compression was prominent on the left side. (C) Sagittal T2-
weighted images (left) showing spinal cord hyperintensites at C4 and C5 levels. On the
axial T2-weighted image at the C4 level (right), spinal cord hyperintensity was localized
in the posterior column.
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ataxia, who showed the dissociation between intact vibratory and im-
paired joint position sensation was observed only in the three spinal
cord disorders in this cohort. Followings are case reports about the pa-
tients with intact vibratory and impaired joint position sensation.
2.1. Patient 1
An 85-year-oldmanwithout any history of trauma developed ataxic
gait over 2 months. He needed a walker to walk. Neurological examina-
tions showed limb and truncal ataxia, and severely impaired joint posi-
tion sensation. However, his muscle strength, tendon reﬂexes and
vibratory sensation were intact. In the thumb localization test, he
showed ataxic movements. His nerve conduction velocity and ampli-
tude in median, ulnar, tibial and sural nerves were normal. Central con-
duction delay (N13-N20) was observed in somatosensory evoked
potentials. Brain MRI did not reveal cerebellar atrophy. Cervical MRI re-
vealed a mass lesion at the retro-odontoid region without enhance-
ment, which compressed the upper spinal cord (Fig. 1a). We
diagnosed him as having a pseudotumor caused by atlantoaxial sublux-
ation, after we ruled out primary or metastatic malignancy by systemic
computerized tomography and gallium scintigraphy and inﬂammatory
disorders such as rheumatoid arthritis or chronic kidney disease. The
patient underwent C1–2 posterior spinal fusion. After the operation,
his neurological signs and symptoms improved markedly and he was
able to walk without any walking aids. In the thumb localization test,
his ataxic movements also improved.
2.2. Patient 2
A 61-year-old man without any history of trauma was referred to
our hospital for truncal ataxia that developed over a year. Neurological
examinations showed limb and truncal ataxia, hyperreﬂexia in the
lower extremities, and severely impaired joint position sensation. How-
ever, vibratory sensation was intact. He did not show any paresis. His
nerve conduction velocity and amplitude in median, ulnar, tibial and
sural nerves were normal. Brain MRI did not reveal apparent cerebellar
atrophy. Cervical MRI revealed multi-level spinal cord compression
caused by cervical spondylosis (Fig. 1b). We diagnosed him as having
spinal ataxia due to cervical spondylotic myelopathy. The patient
underwent C3–6 laminoplasty. After the operation, his neurological
signs and symptoms improved markedly.
2.3. Patient 3
A 66-year-old man with ﬂu episode was referred to our hospital for
developing truncal ataxia that developed over several days. Neurologi-
cal examinations showed limb and truncal ataxia, hyperreﬂexia in the
extremities, and severely impaired joint position sensation. However,
vibratory sensation was intact. He did not show any paresis. Brain MRIdid not reveal apparent cerebellar atrophy. Spinal MRI revealed multi-
level spinal cord hyperintensities in T2-weighted images (Fig. 1c).
Anti-dsDNA, anti-SS-A, anti-SS-B, and anti-neutrophil cytoplasmic anti-
bodies were not detected. Cerebrospinal ﬂuid (CSF) showed 17
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dL and 53mg/dL. The level of myelin basic proteinwas 745 pg/mL. Neg-
ative polymerase chain reaction results for herpes simplex virus,
varicella-zoster virus, Epstein-Barr virus, and cytomegaloviruswere ob-
tained in the CSF.We diagnosed him as having spinal ataxia due to acute
disseminated encephalomyelitis. The patient was treated with prednis-
olone. Steroid therapy improved his neurological signs and symptoms
markedly.3. Discussion
Generally, vibratory sensation and joint position sensation are im-
paired simultaneously in patients with lesions of the dorsal columns.
However, Netsky reported the case of a patient with syringomyelia in
whom the vibration sensation was diminished and the joint position
sensation was intact [2]. Pathologically, the dorsal column was intact,
but demyelination was observed in the lateral funiculus. He inferred
the presence of a pathway of vibratory sensation in the lateral funiculus.
The ascending ﬁbers for vibration sensation are likely to be divided into
the dorsal column and lateral funiculus. Similar patients with impaired
vibratory sensation and intact joint position sensation had been de-
scribed in the patients with multiple sclerosis [3], rheumatoid cervical
myelopathy [5], and brainstem infarction [6]. We did not ﬁnd any re-
ported patients with impaired vibratory sensation and intact joint posi-
tion sensation who had developed spinal ataxia. To the contrary, we
speculated that in our patients the dorsal column was mainly involved,
but the lateral funiculus was spared because of less motor signs and
symptoms.
The limitation of this study should be acknowledged. Because the
sensitivities of impaired vibratory sensation identiﬁed by using a tuning
fork and impaired joint position sensation by physical examinations are
different, we would possibly underestimate the presence of impaired
joint position sensation in this cohort. Additional studies are required
to conﬁrm our results.4. Conclusion
We presented the cases of patients with retro-odontoid
pseudotumor, cervical spondyloticmyelopathy, and acute disseminated
encephalomyelitis who developed spinal ataxia.We emphasize that the
dissociation between the intact vibratory sensation and the impaired
position sensation is an important sign of spinal ataxia even though pa-
tients did not show other myelopathic signs. The combination of intact
vibratory sensation and impaired joint position sensation may predict
ataxia of spinal origin.
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